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EXECUTIVE SUMMARY

Sediments from the three major stormwater outfalls discharging
into the Indian River/Mosquito Lagoon and one control station
were sampled for metal concentrations during 1989. The samples
were analyzed for aluminum, arsenic, cadmium, chromium, copper,
mercury, nickel, lead, and zinc.

Utilizing procedures outlined by the Florida Department of
Environmental Regulation, the natural relationship of metals and
aluminum were used to determine if the sediments collected from
the stormwater outfalls had been enriched from anthropogenic
sources. .

o
Concentrations were found to be withim the predicted—Timits for
arsenic, cadmium, chromium, and nickelx—Elevated. concentrations
of lead were found at all of the station§ with the exception of
the background station. The sediments of the stormwater outfall
serving New Symrna Beach had elevated concentrations of lead,
copper and zinc. Elevated zinc concentrations were alsoc found at

the outfall of the Edgewater canal.

This project demonstrates the Indian River and the Mosquito
Lagoon is receiving heavy metal contamination from the stormwater
. drainage systems within Volusia County and the Cities of New
.Symrna Beach and Edgewater. Modifications of the stormwater
systems is needed to mitigate the potentially adverse impacts of
this pollutant loading.
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ANALYSIS OF HEAVY METALS IN SEDIMENTS

FROM INDIAN RIVER/MOSQUITO LAGOON STORMWATER OUTFALLS

INTRODUCTION

The Surface Water Improvement and Management (SWIM) Act of
1987 (Chapter 373.451-373.4595, Florida Statutes) was enacted to
protect Florida's natural surface water systems from further
degradation due to point and nonpoint pollution. The Indian
River Lagoon was identified as a priority water body in the SWIM
Act and the St. Johns River (SJRWMD) and South Florida Water
Management Districts (SFWMD) have compiled a management plan for
this estuary.

One of the primary goals of the SWIM Plan is "to attain and
maintain water and sediment of sufficient quality ("...Class III
or better...", Chapter 373.453, F.S.) 1in order to support a
healthy, macrophyte-based, estuarine lagoon ecosystem"
(SWIM,1989). Pursuant to this plan, a Water Quality Monitoring
Network was implemented for the entire 1Indian River Lagoon
system. Approximately 150 long-term sampling stations from New
Smyrna Beach to Hobe Sound in Palm Beach County were established
through the cooperative efforts of Volusia County, Brevard

County, DER, SJRWMD, SFWMD and Florida Institute of Technology.



Mosquito Lagoon in Volusia and Brevard County is the
northernmost feature of the Indian River Lagoon system. This
water body was identified as a problem area in the SWIM Plan due
to degrading water quality and the existing Class II designation.
These Class II waters were recently downgraded from "Approved" to
"Conditionally Approved" for shellfish harvesting because of
bacteriological conditions. Since this 1is one of the last
femaining Class II areas, initiatives to evaluate the causes and
extent of degradation are critical.

The Mosquito Lagoon Watershed Action Committee includes
representatives from local governments and interest groups who
share concern for Mosquito Lagoon. This committee has provided
an interagency mechanism for discussing water quality and
stormwater management problems. The main objectives of this
committee are to implement uniform standards and ordinances
throughout the lagoon's watershed and to establish long-term
monitoring programs.

The Volusia County Environmental Management Department (EMD)
started a water quality monitoring program for Mosquito Lagoon in
1988. Twenty statiocns, ranging from New Smyrna Beach south to the
Volusia-Brevard County 1line, are sampled monthly. Field
measurements taken at each station are total depth, water

temperature, pH, dissolved oxygen, conductivity, salinity and



light penetration. Lab analysis includes total non-filterable
residue, turbidity, color, chlorophyll, nitrate-nitrite,
ortho-phosphate, total Kjeldahl nitrogen and total phosphorus.

Additional monitoring currently involves field measurements
and lab analysis of stormwater from seven stations in the
Edgewater Canal drainage system. This sampling is conducted
monthly. In addition to the parameters listed above, these water
samples are analyzed for lead, copper and zinc.

Sediment analysis is also important for assessing pollutant
loadings in estuaries. Some pollutants carried by freshwater
tributaries and stormwater are removed from the water column when
the freshwater mixes with saltwater in the estuary (Martin &
Whitfield, 1983). Analyzing water samples alone will not account
for pollutants incorporated in the sediments, particularly heavy
metals.

More than 80% of the annual heavy metal loading to Florida
surface waters comes from stormwater. Urban stormwater normally
carries several heavy metals, including 1lead, zinc, copper,
nickel, iron, cadmium and chromium (Burke, 1983). The primary
sources of these metals are cars and trucks. Other anthropogenic
sources of metals into estuaries are industrial and commercial
point discharges, galvanized metals and anti-fouling paints

(Trefry et al., 1983).



The Florida Department of Environmental Regulation (DER)
developed guidelines to determine whether a particular metal
concentration 1is indicative of natural or contaminated sediment
(DER, 1988). This technique is based on the relatively constant
ratio between aluminum and other metals in continental rock.
Aluminum is commonly used to normali;e metal concentrations
because it is naturally abundant and there are only trace amounts
of aluminum in anthropogenic sources (DER, 1988).

In order to establish baseline concentrations of heavy
metals in estuarine sediments, the DER collected more than 100
sediment samples from "clean" coastal areas along the Atlantic
and Gulf coasts of Florida. Metal concentrations were plotted
against aluminum/concentrations and individual regression lines
and 95% confidence limits were calculated for arsenic, cadmium,
chromium, copper, lead, nickel and zinc. The regression 1lines
define the normal metal/aluminum relationship and the prediction
limits indicate the range of concentrations found in natural
sediments. If a particular metal concentration falls within the
prediction limits, it is considered natural. When a point falls
above the upper prediction limt, it indicates metal-enrichment.
If data points fall below the lower prediction limit, then the

analytical procedures should be evaluated for accuracy.



This interpretive tool <can be wused to compare metal
concentrations within one estuary or between different water
bodies. The tool can identify problem areas for continuous
monitoring and can separate real from perceived or assumed
problems. This technique can also be used to prioritize
locations for bioassay research to measure the flux of metals

back into the water column and estuarine food chain.

Description of Study Site

The Volusia County Environmental Management Department
received a grant from DER to evaluate heavy metal concentrations
in sediment near stormwater outfalls in Mosquito Lagoon. Three
outfalls evaluated in Volusia County's 208 Water Quality
Management Program were selected for this study (VCOG, 1980).
These stormwater outfalls flow directly into Mosquito Lagoon. A
background station was also included to verify the accuracy of
the metal analysis. The background station was located east of
spoil islands which protect the station from stormwater outfall
influence (Figure 1).

The drainage basins for the New Smyrna Beach and Edgewater
outfalls are developed. Single family residential areas are the
predominant land use (Figures 2 & 3). The drainage basin for the
Gabordy canal is primarily undeveloped and 81% of the land area
is open space. The residential areas of this drainage basin are
concentrated around the end of the canal (Figure 4). The size of
each drainage basin and the types of land uses in each one is

summarized in Table 1.



b\
s, Pon 9.6 DAYTONA BEACH SHORES
. t E I DELIMITED AREA
. Z = Est Pop 1,300
3% =AW
L, =.
Mg“' 7 \ . Maliex
" 1l -
s sors, Estotes
- " DTN )
Ve AN G\
& al gy | ¢ \
Yo/l W . %

v R . SOUTHEAST PORT GRANGE
N . T / — \ \ 7% ) v ;E:mnw AREA
} . -,//r h_ N Y Esl Pap 2500
i -\ A

LLANDALEp
M

i ; ,/ W& \y wsur
o /// SA\S Wiilber -By-The-Ses
B, 415 3 P
e ‘//V/// . ¢ SA < A
2 1 ' PORT ORANGE N
) "l Poo 18,758 h *
AN | '
urnaw , W] PONCE INLET
[ il [ S \ Pop 1003
e

i/ e deY \
o lf .s'm;:m,@ N\ Na, O vanTnoust
N2 5 . ‘
- 1 1 N s x4 onee de Leon
N BFa\ \ Do) Inlet .
u £ N e ‘
\\J \ } i % @ ”.‘[‘”W:\
‘ // .“r Fluts GraeLtr
Al
Tu;;:ll:’ull ":::l’ce'
i "' S
- -3 ? <.
b 3
| R
N s
°? = COMWADO .
1o7amd New Smyrna Location
v EERIE -
N\ . ()45
i _‘ s L”\ pely
& oA | BeesWil, )\ Y
\ \. |~ % Liancoa Yt 418 / E’..‘\ 1A
R\ - ¥ t P .
|\ Ve AN, slm Y Cnew/SMyRna BEACH Gabordy Location
N -3 )

- ~ A \ Poo  (\i3ss7
o - N
4 : % :

X B
J/ ‘/\/\ ‘ g‘r,ovum . ?
\ T \ AR \ Background Location
3 DeuaTED = \ VLA 4 -
2 N TS & e e

€1 Pop & ' A §
:62‘{%&

l,m\l“ L] y

! Edgewater Location

AL AL (A1A ’?7
), ‘\\, A“"‘" 1‘
-

&

SEEINSET 1

. | Oporaum ¥
Coms

18 1
(s -

— -4 - .

ME ) y
@ ?sgi(\.’ 1;90 N

FIGURE 1. LOCATION OF MAJOR STORMWATER OUTFALLS AND
BACKGROUND STATION IN MOSQUITO LAGOON.



NEW SMYRNA BEAC
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FIGURE 2. LOCATION MAP OF THE NEW SMYRNA BEACH DRAINAGE CANAL
AND SURROUNDING AREA (SCALE 1"=400').
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BACKGROUND LOCATION
v . . -

FIGURE 3. LOCATION MAP OF THE EDGEWATER DRAINAGE CANAL,

BACKGROUND STATION, AND SURROUNDING AREA
(SCALE 1"=400"'), -




FIGURE 4. LOCATION MAP OF THE GABORDY DRAINAGE
SURROUNDING AREA (SCALE 1"=400"')



Outfall Drainage Land Uses* (%)

Basin SF C R 0S W
New Smyrna 418 acres 61 9 9 21 -
Gabordy 4129 acres 16 1.5 - 81 1.5
Edgewater 2519 acres 77 - 2 20 1

SF-Single Family, C-Commercial, R-Recreational,

O0S5-Open Space, W-Water

Table 1. Characteristics of stormwater outfall drainage

basins (Source: VCOG, 1980).

The main feature of the New Smyrna Beach outfall is a
8' x 6' box culvert which extends underneath the north sidewalk
of S.R. 44. Stormwater 1s channelized directly to a
concrete-walled canal with a boat dock for a condiminium complex
along one side. The other two outfalls are open canals with
vegetated banks. The Gabordy canal has a tree canopy which
shades the water and prevents the growth of aquatic plants. The
Edgewater canal is not shaded and fresh water plants,
particularly water hyacinth (Eichhornia crassipes), duckweed

(Lemna minor), coon tail (Ceratophyllum demersum) and hydrilla

(Hydrilla verticillata), are abundant. An elevation drop of

approximately two feet underneath Riverside Drive prevents tidal

influence upstream of this point.
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MATERTALS & METHODS

Three sampling sites were selected at the background and New
Smyrna Beach stations and four sites were selected at the Gabordy
and Edgewater canals (Figures 5-8). All of the sediment samples
were collected using a twenty inch brass Wildco hand core sampler
with clear CAB (cellulose-acetate-butyrate resin) liners. The
top 10 cm of each core was transferred to an acid rinsed wide
mouth glass jar with a screw cap. Triplicate samples were
éollected at each sampling site. Duplicate samples were prepared
and analyzed while the triplicate samples were archived.

Excess water was poured off and the samples were
homogenized. Approximately 1.5 g wet sample was placed in a
teflon tubke, 5 mL of hydrofluoric acid (49%) were added and the
tubes were tightly capped. The samples were refluxed at 125 C
for 48 hours in a block digester. The samples were then cooled
and air dried in the block digester for 24 hours. Ten ml of aqua
regia was added to each tube and the samples were heated for two
hours. The samples were then filtered and diluted to 20 mL.

The samples were analyzed for arsenic, cadmium, chromium,
copper, nickel and lead using atomic absorption (aa) furnace
techniques. Aluminum and zinc were analyzed using aa flame
techniques. Mercury analysis was performed by cold vapor
technique. The percent total solids was determined through air

drying of homogenized samples. All sample weights and

11
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concentrations were recorded. The concentrations of all the
metals except mercury were then plotted against the aluminum
concentrations on the established curves.

The standard curves cannot be used for mercury because there
is a weak inverse relationship with aluminum. Therefore,
aluminum cannot be used as a reference element to determine
natural vs. anthropogenic concentrations of mercury (DER, 1988).
In order to evaluate mercury concentrations, DER suggested a
threshold of 0.21 ppm, which was the highest concentration from
the collection of "clean" sediments. Mercury concentrations well

above this concentration could be considered enriched.

RESULTS

Sediment cores taken from two of the New Smyrna Beach canal
stations were dominated by "muck", a fine-grained, organic
sediment characterized by hydrogen sulfide generation. The
samples taken in front of the box culvert outfall contained a
mixture of muck, shell and gravel.

The cores taken from +the Gabordy and Edgewater canals
furthest downstream near the Indian River contained only sand or
a mixture of sand and muck. The remaining cores taken from these
canals were composed of muck except for those sampled from the
Edgewater canal furthest upstream which contained a mixture of
muck and shell. The sediment cores at the background station

contained a mixture of oyster shell and muck.
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The aluminum concentrations from all of the sediment cores

fell within the range of 47

metal/aluminum standard curves.

- 79,000 ppm required to use the

nine metals at each location are listed in Table 2.

The mean concentrations for all

the Indian River/Mosquito Lagoon.
concentration exceeds 95% prediction limits.

17

Location New Smyrna Gabordy Edgewater Background
of samples 6 8 8 6
Aluminum 12,067 8,813 9,350 7,383
Arsenic 4.0 1.0 1.8 3.9
Cadmium 0.304 0.058 0.077 0.044
Chromium 37 20 1.86 27
Copper 27 * 6 6.1 3.8
Lead 144 * 15 * 15 * 8.3
Mercury 0.28 0.20 0.24 0.24
Nickel 6.4 2.6 3.6 4.3
Zinc 154 =* 29 42 * 23
Table 2. Mean metal concentration (ppm) for each location within

(*) indicates mean




The concentrations of arsenic, cadmium and chromium fell
within, or very close to, the expected range for natural
sediments at all four locations (Figures 9-11). Nickel
concentrations also fell within the natural range at the
background and New Smyrna Beach canal stations. Six cores from
the Gabordy and Edgewater canals had nickel concentrations below
the lower prediction limit (Figure 12).

Copper concentrations at the background station, Gabordy
canal and Edgewater canal fell within the prediction 1limits.
Four cores from the New Smyrna Beach canal had copper
concentrations above the upper prediction limit (Figure 13).

Several zinc concentrations at all four stations were above
the upper prediction limit (Figure 14). The mean concentration
of zinc fell within the range at the Gabordy and background
stations and above the range at the New Smyrna Beach and
Edgewater stations. The cores taken furthest upstream in the
Edgewater and New Smyrna Beach canals had zinc concentrations
well above the upper prediction limit.

Lead concentrations fell above the natural range at all four
stations (Figure 15). The mean concentration of lead fell within
the expected range at the background station, slightly above the
range at the Gabordy and Edgewater canals and well above the
range at New Smyrna Beach. Lead concentrations were highest in
the cores taken near the outfall in the New Smyrna Beach canal.
The mean concentration from this outfall was eighteen times

greater than the mean at the background station.

18



SINIWIAIS TYANIVN dOd (%S6) SLIWIT dA1D1dIdd HIIM
SNOILVILNIDONOD WANIWATVY/DINISYVY NOODVT JIAIN NVIANI ‘6 FANOI4

{wdd) NANTFNTY

000001 0000! 0001 ool ol
41 1 4 1 A1 1 b A it g A 103 44 & —OO
E o
T+ 3
- + [
4 E
EOl
SITNIT NOIIDIQINd e £ 001
o403 4+ -
E 0001
JIIVMIDAT
(udd) NANTKNTY
00000t 00001 oot ool ot
M L e v i 100
10
+ + E
ras
EOl
E 00|
SIINIT NOIIDIQ3YG ~—
Vo 4 t
m08_

SAQYOIVYD

<nwZ—0 QOoE

<ENnwWwzZ-—0 00E

(wdd) WNNINNTY

00000t 0000t 0001 001 ot
IS 4 S TUN NN ] Litdl (11 1 SN N I N Y 4 —OO
)
El
+ T m
+ Eol
SLINIT NOLDIQ3Ud wem F 001
218 + | |
E 0001
aNNOYADYd
(wdd) WANINNTY
000001 00001 oool oot ot
WE 1 13012 ¢ f 1 ISTHN i 10i04 0 & & 1 —OO
L
E 1o
E
A :
Eot
CS1INIT NOILDIQIYE — F oot
SN 4+ o
E 0001

HOV3d VNYWAS MIN

DINJSIV - SISATVNY LNINWIQIS
NOODVT JIAII NVIANI

Cxn—zZ—~0 Qaf

<xnuzZ—0 QOE

L9



'SINIWIAIS TYANIVN d0d (%S6) SLINIT AILDIAIAL HIIM

(wdd) NNANIKNTY

000001 00001 000! ool ol
R T DI 100D
[
- E (00
-
+ +
Ero
\
£y
SLINIT NOILDIGIYd e
oq3 4 F
E ol
dAIVMIDAT
(wdd) NANIKNTY
000! 00001 00! ool ot
Al 3 1 SITU S 1 ITENE N S FEUN & A I _cco
\\\\\ E 100
= L
+
+
\\Wo\\\ 3
\\\\\ ]
SLINIT NOILDIGIUd —mme
ovo 4 | [
E ot

SAQYOAVYD

SNOIIVILNIDNOD WANIWNNTV/YIdd0OD NOODVT YIAIY NVIANI

V<OZ—-D% aaf

VLO3—-D3 Qag

‘o1 3YNDIL
(wdc) NNNINNTY
000001 0000! 0001 oot o]
P T T P IEE,
L
3 w
Fioo d
\\\+\+\\ :
+ 7 E W
E1g N
I
s I
b d
T
o]
SLIMNIT NOIDIO3UD e 3
oNg 4+ F
Eot
aNAOYDADVE
(wdd) NANIWNTY
000001 0000t 0001 001 [s}]
TP TR 1000
E w
Eioo d
L d
+ A
\\\\\ fro 0
+ ” W
s E a
¥ E v
I o]
SLINIT NOILDIG3Hd e L
LT
Eo1

HOVId VNYANWS MIN

NONTNAYD - SISATVNY LNAWIAIS
NOODV'T dJATd NVIANI

20



SLNIWIQIS TYANLYN JOd (%S56) SLINIT AILDIAIA HLIM

SNOIIVILNIDNOD WANINATV/WAINOIHD NOODVT JIAIY NVIANI ‘1T 3AND14

(wdd) WANINNTY

000001 00001 000! ool ot
LW 1 L1114 4 4 Fl SIS Nl 1 L8400 4 2 9 L —G
G+ + FOl
+
+* E
F 001
SIIN)T KOIDIAIYd e
sa3 + | F
E 000 |
dILvMInal
(WAd)NANINATY
000001 00001 0001 oot ol
R T o
E |
\ H
Eot
4
#+ E
E 00t
SLINIT NOILDIQIUd e r
avo 4+ | F
E 0001

SAqYOHVD

OT=OZ=>Z aQf

UZx0Z—-2o3 anf

(udd) NANIWNTY
000001 0000 000! oot

(SN NN TTRE W ) ITET

ol

\

SLINIT NOIIDIQ3dd ——

o018 +

E 01

O

E 0001

ANACYDADVE

(wdd) NNNINNTY
000001 00001 0001 (0 0]}

ITER R B S NTTTR A ITEIR O B Ariete x4 4

Q

i

Ty T T Ty 7T

SLINIT NOIIDIGIYd —

asN ¢+

T T T

00t

T T T

HOV3I9 YNAAWS MIN

INAINOAHD - SISATYNY LNIWITIS
NOODV'T JdAId NVIANI

£ 0001

ULxO=Z~53 oanf

VExQ=Z—D=2 aQf

21



SLNIWIQIS TYANIVN YO (%S6) SLINIT G31DIqIdd HIIM

SNOIIVIILNIDNOD WOANINAQTVY/TIADIN NOOHODVT JIAIY NVIANI 'ZI 3INnOHId
(wdd) NANINNTY (wdd) WANINNTY
00000! 00001 0001 Qo1 00000t 0000t 600t 2,41}
110 1 2 i i 1 SUS N 1 1 114 8 2 2 & A i _Q o - : Y B ] L1l 1) 4. —Q
F o
. 3 r 1 [ 1
: E 3 F -3
Eot n_v Fot n_v
| N . L N
S1IWIT NOSIDIQIYd — r SIIHIT NONDITIUE e m
503 + m o+ it
E 001 00t
YIILYMIOAT ANAOYDADVE
(wdd) NANINNTY (wdd) WNNINNTY
0o0o00! 00001 000! oot 000001 0000t 0001 001
R N 10 Lt e o
L L
* FR TR
[ 1 i m
I [ w_ + g J
E 01 o_ Eol n_v
N L N
SLINIT NOJLDIQIUd — B SLIWIY NOILDIQAUd — ”
avo + |F esn 4 | E
E oo £ 0ol

SAQUYOLAVD

HOV3Ig VNAAWS MIN

TIADIN - SISATYNVY LNIWNIAIS
NOODV'T J3IATI NVYIANI

22



‘SININIAIS TYANIYN J0d (%S56) SLIWIT dIlDIdIdd HLIM
SNOILLVIALNIDONOD WANINATVY/YIddOD NOOHVT dIAII NVIANI ‘€1 J3an9Id

(wdd) WANINATY (wdd) WANIWNTY
000001 00001 000! s8] ot 00000t 0000! 0001 001 ot
it iter 4oy FITTWE I TR 100 IEPR N PITER N TS U T 100
SLINIT NOIDIGIUd I SLINIT NOILDICIAd
a3 4+ r o118 4+

+ Eol R

+
+
- =
OQoawr QOE
+
+
- o
UDoawmx AQE

E 001 001

J3rvmana3l ANNOUDADVY
(wdd) WaNInNTY (wdd) WANINNTY
000001 0000t 0001 oot ot 000001 00001 Q001 o0 ol
T I T T N S N N N S A S YO AT 100 LU i e 100
SLINIT NONDIA IS e hw:z: NOILOKQIEd e  GSN + ;
YD 4
1o

OU0nawex Qag
+

-+

OQa.awx Qaf

Eol Eot

moo_ moo_

SAQYOLYD HOV3Id YNYAWS MIN

ddddOD - SISATYNY LNINIJ3IS
NOODVT JIAII NVIANI

23




SINIWIQIS TVANIYN A0 (%S6) SLINIT dIIDIAdIdd HLIM

SNOILVILNIDNOD WANIWANTY/ONIZ NOODVT ¥dIAIY NVIANI ‘vl 3ANDOI4

(wad) NANINNTY

000001 00001 o001 oot
ST Lo a1 o io
SLINIT NOILDIQAUd e 4
03 4+ u
E [
++ FOt
* L
E
+ E
o F 00t
E 0001
IIVMIDAT
(wdd) WNNIANTY
00000t 00001 0001 oot
N | 1 A i:a2 9 1 ¥ 1 A, TR NI L —O

SLINIT NONLDIQ3Yd -

Y9 4
+ 3
F Ol
4

LR R ey

T

YT

FOOI

T T

SAQYOLVD

0001

Nz Q0g

N—-Z0 Qaf

(wdd) NANINNTY

HOVIE VNAKNS MIN

ONIZ - SISATVYNY LNIWIQIS
NOODV'T JTIAIY NVIANI

00000t 00oo! 0001 ool
] 1 1. At 04t 1 1 I O | 1 1 —o
SLINIT NOJIDIQAUd e r
A8 4 o
1
E 01
i+ T + vn
E 00t
£ goot
ANNOYDADVL
(wdd) WNNINNTY
000001 00001 0001 001
g a4 RV o
S1IWIT NONDIA3Yd —— o
oSN 4 E
E |
¥ E
E 001
++ L
A~+ -
E 0001

Ne—ZO 0Qg

N—Z0 QQof

24



'SLNIWIAIS TVINIVN ¥Od (%S56) SLINIT AILOIAIAd HIIM
SNOILVILNIDONOD WANIWATVY/AVIT NOODVT dIAIN NVIANI ‘ST JANDIL

(wdd) WANINNTY (wdd) NANINNTY
000001 00001 000t oot C32001 [s/00 8} 000t 0ot
W 1 RS WSS N Y] 1 Lia3 04 ) ) A _OD o —1 L RSN N 1 il U S T - ~L _0.0
SLIAIT NOLIDIO3Yd — SLINIT NOILDIGIUd — E
©a3 oxe £
* 1o * E 1o

4

+

+

+
—m<C QAE
\\\
—wm Qag

EOl Eo
¥+ [ ”
E oot F 001
E 0oo't m8...:
YILYMI©a3 ) aNNOoUSDADVYE
(wdd) WANIWNTY . (wdd) NANINNTY
00000( 00001 000! oot 000001 00001 0001 ool
12012 3 9 1 TR R S S T 1 1 IPPE NN T 1 —OQ ) 1 1128 ¢ ) | 1 1 N . ) S _OO
SLIN)Y NOILDIgINd — m SLIWIT NOILDIQ3Yd —
v 4 m_.o 8SN 4 0

Eol

Eoot

8

cw<n aag

E3 \
9 -

A aag

£ 000t 0001

SAQIOEVD HOV3d YNAANS MIN

dAV3dT - SISAIYNY LNIWNIT3S
NOODV'T JIAIY NVIANI

25




The mean concentrations of mercury from all four locations
were close to the threshold of 0.21 ppm. The highest mercury
levels were in the Edgewater canal (0.44 & 0.47 ppm) . Elevated
mercury concentrations were also found in four cores from the New
Smyrna Beach canal (0.27-0.37 ppm), in three cores from the
Gabordy canal (0.26-0.28 ppm) and in two <cores from the

background station (0.28 & 0.33 ppm).

DISCUSSION

The majority of the heavy metals analyzed in this study fell
within the expected range for clean estuarine sediments. Even
those metal concentrations which fell slightlf above the upper
limit could be considered natural because of the confidence limit
established for the standard curves.,

A rough comparison was made between the background metal
concentrations in this study and those collected by DER in 1985.
Background concentrations of cadmium, copper, arsenic and nickel
in this study were 1less than or equal to DER's samples.,
Concentrations of lead, zinc and chromium in this study were
greater than DER's samples, yet still within the expected range.

Apparent heavy metal enrichment was found in the New Smyrna
Beach canal. Elevated concentrations of copper, lead and zinc
were found. Concentrations were greatest near the outfall and
decreased towards the Indian RiQer, although the sample farthest
from the outfall alsc showed enrichment. This heavy metal
loading 1is probably due to the developed character of the
drainage basin and the channelized flow of stormwater into the

canal.
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Heavy metal concentrations in the other two outfalls were
generally lower than in the New Smyrna Beach outfall, yet there
were elevated concentrations of metals in both the Edgewater and
Gabordy canals. Lower concentrations in these canals is probably
due to entrapment of sediments by rooted vegetation upstream of
the sampling sites.

There was apparent enrichment of 1lead and zinc in the
Gabordy canal. The degree of enrichment is slight because the
elevated concentrations were just over the upper prediction
limit. Even though the drainage basin of the Gabordy canal is
primarily undeveloped, stormwater runoff from residential areas
adjacent to the outfall of this canal apparently includes heavy
metals.

The Edgewater canal sediments were also enriched with lead
and zinc. Even though the drainage basin of the Edgewater canal
is more developed, the heavy metal concentrations were not much
higher than those found in the Gabordy canal. The major
freshwater input to this canal is surficial groundwater from the
Florida Shores subdivision. Many of the roads in this
residential area are unpaved. The only major stormwater input to
the Edgewater canal is a large shopping center on U.S. 1 near the
outfall of the canal.

The highest concentrations of several metals in the Gabordy
and Edgewater canals were found at the second and third sampling
sites. When stormwater flows around the curves in these

outfalls, the velocity is reduced allowing fine-grained sediments
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with adsorbed metals to settle from the water column. The lowest
metal concentrations were found near the Indian River. Strong
north-south tidal currents at the end of all three outfalls
probably carry the remaining suspended sediments from the area.
If the stormwater drainage systems can be modified with meanders
for solid deposition, most of the heavy metals could be removed
before the discharge reaches Mosquito Lagoon.

The mercury concentrations in this study were approximately
six times greater than the levels found by DER. Even though the
recommended threshold was surpassed, the data in this study do
not indicate mercury enrichment from stormwater because the
background station also had an elevated concentration. The
results - indicate either increasing mercury concentrations
throughout Mosquito Lagoon or possibly the use of different
analytical procedures. There are no known sources of mercury in
Volusia County from commercial or industrial discharges
(Anderson, 1989). Further analysis of mercury in the sediments
is needed to draw definite conclusions.

While the degree of metal enrichment in these stormwater
outfalls is not severe, there 1is potential for the metals to
reach the estuarine food chain., Several research projects have
identified elevated metal concentrations in barnacles, clams and
blue crabs caught in harbors with enriched sediments (Windsor,
1983). The Class II shellfish beds in Mosquito Lagoon are
probably not threatened at this time because they are removed

from major urban areas.
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Mobile organisms, such as blue crabs, can spread metal
contamination. In 1980, one hundred large red drum in Mosquito
Lagoon were killed by copper, zinc and arsenic (Delfino et al.,
1984). The source of the metals was never traced, although it
was assumed the fish ate contaminated blue crabs. Since this was
an isolated incident, the heavy metals may have originated from a
particular event, such as channel or marina dredging. Dredging
projects within the Class II area should be monitored for heavy
metal resuspension.

This sediment study attempted to identify and quantify only
one component of stormwater pollution at the receiving water
body. The results of this study illustrate the need to further
assess heavy metal contamination upstream of the estuary and
other pollutant 1locadings from the stormwater drainage systens
discharging into Mosquito Lagoon.

An investigation should be undertaken within each drainage
system to identify the type, quantity, and source distribution of
pollutants during storm events and normal flow conditions. Since
the Garbody and Edgewater canals are vegetated with rooted and
floating plants, the effectiveness of pollutant remcval by the
aquatic vegetation and the impacts of aquatic plant control
should also be investigated. The information that would be
obtained from a comprehensive program of this type may provide
valuable data to determine the most effective design of the

various methods of stormwater abatement.
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